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
Abstract
A direct polymerase chain reaction (PCR) method from fruitbody tissues of commercially 
available mushrooms was developed for experimental teaching. This method was combined 
with easy sampling of a mushroom and using KOD FX Neo as DNA polymerase. From four 
mushroom species, Enokitake (Flammulina velutipes), Bunashimeji (Hypsizygus 
marmoreus), Maitake (Grifola frondosa), and Mushroom (Agaricus bisporus), the ribosomal 
DNA fragments amplified by the direct PCR could be detected at the expected size by 
agarose gel electrophoresis. Especially, Maitake was most suitable as a teaching material for 
simple manipulation. The amplified DNAs were verified by sequencing, and were identified 
by database search. High school students learn by this teaching method which deepens their 
understanding of PCR techniques, microorganisms, and bioinformatics. 

࣮࣮࢟࣡ࢻ ࢲ࢖ࣞࢡࢺ 3&5㸪࢟ࣀࢥ㸪⏕≀ᩍ⫱㸪ᩍᮦ㸪㧗ᰯ
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࠿ࡽ༢㞳ࡉࢀࡓ '1$ ྜᡂ㓝⣲㸦'1$ ࣏࣓࣮ࣜࣛࢮ㸧ࠊ✀㢮ࡢࢾࢡࣞ࢜ࢳࢻ࡞࡝ࢆຍ࠼ࡓΰྜᾮࢆ
 ᗘࢧ࢖ࢡࣝ࡟࠿ࡅࡿࡇ࡜࡛ࠊ⌮ㄽⓗ࡟ࡣ  ࢧ࢖ࢡ࡛ࣝ  ୓ಸࢆ㉸࠼ࡿቑᖜࡀぢࡽࢀࡿ࡜グ㍕
ࡉࢀ࡚࠸ࡿࠋࡋ࠿ࡋ࡞ࡀࡽࠊ3&5 ἲࡢᛂ⏝ࢆ⌮ゎࡍࡿࡓࡵࡢ⡆౽࡞ᐇ㦂ᩍᮦࡀஈࡋ࠸ࠋࡲࡎࠊඖ
࡜࡞ࡿ '1$ ࢆᚓࡿࡓࡵ࡟⏕≀ࢧࣥࣉࣝࡢ⢊○ࡸ '1$ ᢳฟ࡞࡝ࡀᚲせ࡛ࠊᡭ㛫࡜᫬㛫ࡀ࠿࠿ࡿࠋࡉ
ࡽ࡟඲ᐇ㦂᫬㛫ࡶ㛗ࡃ࡞ࡾࠊ኱ࡁ࡞ึᮇᢞ㈨ࡀᚲせ࡞ࡇ࡜࡞࡝ᩍ⫱ᐇ㦂ἲ࡜ࡋ࡚ࡢㄢ㢟ࡀከ࠸ࠋ
୍᪉ࠊ3&5 ἲࡢᛂ⏝࡜ࡋ࡚ࠊඖ࡜࡞ࡿ '1$ ࢆ౑ࢃࡎ⏕≀ࡑࡢࡶࡢࢆ⏝࠸ࡿࠊ࠸ࢃࡺࡿࢲ࢖ࣞࢡ
ࢺ 3&5 ἲࡶᬑཬࡋ࡚࠸ࡿࠋࢲ࢖ࣞࢡࢺ 3&5 ࡛ࡣඖ࡜࡞ࡿ '1$ ࢆᚓࡿࡓࡵࡢฎ⌮ࡀ୙せ࡞ࡓࡵࠊ㑇
ఏᏊቑᖜᐇ㦂ࡀᴟࡵ࡚⡆౽࡟࡞ࡿ㸦ᅗ 㸧ࠋࢲ࢖ࣞࢡࢺ 3&5 ἲ࡟౪ࡍࡿࢧࣥࣉࣝ࡜ࡋ࡚ࡣࠊ㑇ఏᏊ
⤌᥮࠼኱⭠⳦ࢆࡣࡌࡵ࡜ࡍࡿ㑇ఏᏊ⤌᥮࠼ᚤ⏕≀ࡸ⑓ཎᛶᚤ⏕≀࡞࡝ࡀ୺࡟౑ࢃࢀ࡚࠸ࡿࠋࡇ



















































ྠᐃ࡟⏝࠸ࡽࢀࡿࣜ࣎ࢯ࣮࣒ 51$ 㑇ఏᏊୖࡢ '' 㡿ᇦ⣙ NES ࡢ '1$㸦ᅗ 㸧ࢆ㑅ᐃࡋࠊᑐᛂ





ᅗ㸰 ࢟ࣀࢥࡢࣜ࣎ࢯ࣮࣒ 51$ 㑇ఏᏊ࡜ቑᖜ㡿ᇦ

  ᗘࢧ࢖ࢡࣝࡣࠊࢧ࣮࣐ࣝࢧ࢖ࢡ࣮ࣛ㸦ࢱ࢝ࣛࣂ࢖࢜㸪ⲡὠ㸧ࢆ౑⏝ࡋ࡚ࠊྛ '1$ ࣏࣓࣮ࣜࣛ
ࢮࡢᶆ‽ࣉࣟࢺࢥࣝ࡟ᇶ࡙ࡃ᮲௳㸦ᅗ 㸧࡛⾜ࡗࡓࠋ
 3&5 ཯ᛂ⤊஢ᚋࠊቑᖜ '1$ ࡢ᳨ฟࡣ࢔࣮࢞ࣟࢫࢤࣝ㟁ẼὋື࡟࡚⾜࠸ࠊ'1$ ᳨ฟⰍ⣲ࡣࢭ࣮ࣇࢸ








 ᕷ㈍࢟ࣀࢥࡢࢲ࢖ࣞࢡࢺ 3&5 ἲࢆタᐃࡍࡿ࡟࠶ࡓࡾࠊ୺࡟  ࡘࡢㄢ㢟ࡀ᝿ᐃࡉࢀࡓࠋ ࡘࡣࠊ
 ᗘࢧ࢖ࢡࣝ᭱ึࡢ 3UHGHQDWXUH ࡟࡚◳㉁࡞࢟ࣀࢥ⣽⬊ࡀቯࢀ '1$ ࡀ₃ฟࡏࡡࡤ࡞ࡽ࡞࠸ࠋඛ⾜
ᩥ⊩࡛ࡣࠊ࢟ࣀࢥࡢ 3&5 ࡣᑡ࡞ࡃ࡜ࡶࢭ࣑ࢲ࢖ࣞࢡࢺ 3&5㸦ඖ࡜࡞ࡿ '1$ ࢆᚓࡿࡓࡵ࡟ࢧࣥࣉࣝ










Pre-denature 95oC 30 sec
Denature 95oC 15 sec
Annealing 55oC 30 sec    30 cycles
Extension 68oC 30 sec
Final extension 68oC 5 min
[KOD FX Neo]
Pre-denature 94oC 2 min
Denature 98oC 10 sec              
Annealing 55oC 30 sec              30 cycles
Extension 68oC 30 or 60 sec
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
ࡸ௜╔≀㉁࡞࡝࡟ࡼࡿ 3&5 ཯ᛂ㜼ᐖ࡛࠶ࡿࠋ཯ᛂ㜼ᐖࢆ⪃៖ࡋ࡚ࠊ㏻ᖖࡢࢲ࢖ࣞࢡࢺ 3&5 ࡛ࡣ┠
࡟ぢ࠼ࡿ࡯࡝ࡢࢧࣥࣉࣝࡣ౑ࢃ࡞࠸ࠋࡋ࠿ࡋࠊᩍ⫱ᐇ㦂ἲ࡜ࡋ࡚ࡣ┠ど࡛ࡁࡿࢧࣥࣉࣝࡢῧຍࡀ
ᮃࡲࡋ࠸ࠋ






ᅗ㸲 ࢲ࢖ࣞࢡࢺ 3&5 ᐇ㦂ࡢᡭ㡰


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3&5 ࡢᛂ⏝ศ㔝࡟࠾࠸࡚ᖖ⏝ࡉࢀࡿ 7DTSRO\PHUDVH ࢆ⏝࠸ࡓሙྜࠊ࠸ࡎࢀࡢᕷ㈍࢟ࣀࢥࢆ⏝࠸
࡚ࡶࢲ࢖ࣞࢡࢺ 3&5 ࡣᡂຌࡋ࡞࠿ࡗࡓ㸦ᅗ 㸧ࠋ୍᪉ࠊᇶ♏◊✲⏝㏵࡛౑⏝ࡉࢀࡿ .2');1HR ࢆ
⏝࠸ࡓሙྜ࡛ࡣࠊタᐃࡋࡓ᧯స࡟࡚ ✀ࡢᕷ㈍࢟ࣀࢥ୰ ✀㸦࢚ࣀ࢟ࢱࢣ㸪ࣈࢼࢩ࣓ࢪ㸪࣐࢖ࢱ
ࢣ㸪࣐ࢵࢩ࣮࣒ࣗࣝ㸧࡟࠾࠸࡚ࢲ࢖ࣞࢡࢺ 3&5 ࡀᡂຌࡋ㸦ᅗ 㸧ࠊࡑࡢ⤖ᯝࢆ ෌⌧ࡍࡿࡇ࡜ࡀ
☜ㄆ࡛ࡁࡓࠋ≉࡟ࠊ࢟ࣀࢥᑠ∦ࢆ᥇ྲྀࡍࡿ㝿ࡢᐜ᫆ࡉ㸦࢟ࣀࢥࡢᰂࡽ࠿ࡉ㸧࠿ࡽ࣐࢖ࢱࢣࡀᩍᮦ
࡜ࡋ࡚ࡶࡗ࡜ࡶඃ⚽࡛ࠊḟ࠸࡛࢚ࣀ࢟ࢱࢣࡀඃࢀ࡚࠸ࡓࠋ
௨ୖࡼࡾࠊ࢟ࣀࢥࡢࢲ࢖ࣞࢡࢺ 3&5 ἲ࡟ࡣ .2');1HR ࡢ౑⏝ࡀ㐺ࡋ࡚࠾ࡾࠊ3&5 ཯ᛂ㜼ᐖࡀぢ
ࡽࢀࡎࠊ([WHQVLRQ ᫬㛫 㹼 ⛊࡛ቑᖜ࡟ᕪ␗ࡣ࡞࠿ࡗࡓࠋ୍᪉ࠊ7DTSRO\PHUDVH ࡣࢲ࢖ࣞࢡࢺ
3&5 ࡟ࡣ୙ྥࡁࡔࡗࡓࡀࠊ㏻ᖖࡢ 3&5 ࡛࠶ࢀࡤ '' 㡿ᇦࢆቑᖜ࡛ࡁࡿࡇ࡜ࡀ☜ㄆࡉࢀ࡚࠸ࡿࠋ
࠾ࡑࡽࡃࠊᕷ㈍࢟ࣀࢥ࡟⏤᮶ࡍࡿ 3&5 ཯ᛂ㜼ᐖ≀㉁ࡢᙳ㡪࡜ᛮࢃࢀࡿࠋ ᗘࢧ࢖ࢡࣝ࡟せࡍࡿ᫬
㛫ࡣࠊ7DTSRO\PHUDVHࠊ.2');1HR ඹ࡟⣙  ᫬㛫ࡔࡗࡓࠋ.2');1HR ࡛ࡢᐇ㦂᫬㛫▷⦰ࡢࡓࡵ
ࢧ࢖ࢡࣝᩘࢆ  ࠿ࡽ  ࡟ῶࡽࡋࡓ࡜ࡇࢁࠊ෌⌧ᛶ࡟ㄢ㢟ࡀ⏕ࡌࡓ㸦ᅗ 㸧ࠋཎᅉ࡜ࡋ࡚ࠊ















ᅗ㸵 .2');1HR ࢆ౑⏝ࡋࡓࢲ࢖ࣞࢡࢺ 3&5 ࡢᾮ㔞ῶᑡຠᯝ $3&5 ๓ࡢࢳ࣮ࣗࣈ㸦࢟ࣀࢥࡣ࣐
࢖ࢱࢣࢆ౑⏝㸧㸪%㟁ẼὋື⤖ᯝ ձղճմյ㸸3&5 ᾮ㔞 μ/㸪0㸸ศᏊ㔞࣐
࣮࣮࢝㸦ES ࣛࢲ࣮㸧

䠩 䐟 䐠 䐡 䐢 䐣





䠩 䐟 䐠 䐡 䐢
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 ௨ୖࡢ᳨ウࢆᇶ࡟ࠊᅗ ࡟♧ࡍᩍ⫱ᐇ㦂ࣇ࣮ࣟ࠾ࡼࡧࢱ࢖࣒ࢸ࣮ࣈࣝࢆసᡂࡋࡓࠋࡲࡎ 3&5 ἲ
࠾ࡼࡧࢲ࢖ࣞࢡࢺ 3&5 ἲ࡟ࡘ࠸࡚Ꮫ⩦ࡋࠊḟ࠸࡛ᕷ㈍࣐࢖ࢱࢣࢆ⏝࠸ࡓࢲ࢖ࣞࢡࢺ 3&5 ᐇ㦂ࢆᐇ
᪋ࡍࡿࠋ3&5 ཯ᛂ୰࡟ࠊᚤ⏕≀࡟㛵ࡍࡿᏛ⩦࡜࢟ࣀࢥࡢ㢧ᚤ㙾ほᐹࢆ⾜࠺ࠋ3&5 ཯ᛂ⤊஢ᚋࠊ㟁Ẽ
Ὃື࡟ࡼࡾቑᖜ '1$ ࢆ᳨ฟࡍࡿࠋὋື࡟⣙  ศ㛫ࢆせࡍࡿࡓࡵࠊᚅࡕ᫬㛫࡟ቑᖜ '1$ ࡢሷᇶ㓄ิ
☜ㄆ࡜ࢹ࣮ࢱ࣮࣋ࢫ᳨⣴ࠊࡍ࡞ࢃࡕࣂ࢖࢜࢖ࣥࣇ࢛࣐ࢸ࢕ࢡࢫࡢᴫせࢆᏛ⩦ࡍࡿࠋ᭱ᚋ࡟ࡲ࡜ࡵ








 '1$ ࣏࣓࣮ࣜࣛࢮ࡟ .2');1HR ࢆ౑⏝ࡋࠊᐇ㦂ᡭ㡰ࡢ᳨ウࢆ⾜࠺ࡇ࡜࡛ࠊᩍ⫱ᐇ㦂ࢆ┠ⓗ࡜ࡋ











 ࡞࠾ᮏ◊✲ෆᐜࡢ኱➽ࡣࠊ ᖺ  ᭶ࡢ᪥ᮏ⏕≀ᩍ⫱Ꮫ఍➨  ᅇ኱఍࡟࡚Ⓨ⾲ࡋࡓࠋᮏᏛ
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